Abstract
Introduction
In addition to being considered the most important factor affecting neonatal mortality, low birth weight is associated with a higher risk of infant mortality 1 . Low birth weight, defined as less than 2,500g 2 , is considered to be a risk factor for noncommunicable diseases and injuries (NCDI) and learning difficulties 3, 4, 5, 6, 7 .
Although the etiology of low birth weight is complex 1, 7 , its major determinants are preterm birth and intrauterine growth restriction (IUGR). The rate of low birth weight rate is high in developing countries compared to developed countries 8 . According to global estimates, 15% of all babies are born with low birth weight; between 2005 and 2009 rates were 8% in Latin America and Caribbean, 15% in developing countries and 16% in the least developed countries 9 .
Rates of low birth weight started to increase in the 1980s in the United States 10 and in the 1970s in Japan 11 . The increase in the rate of low birth weight observed in the United States since the 1980s has been attributed to the increased rate of preterm and multiple births. However, an increase in the rate of low birth weight has also been described in Finland and France, where a reduction in preterm birth rates was observed. The rate of low birth weight increased from 4% in 1991 to 4.4% in 1998 in Finland 12 and from 3.8% in 1988 to 6.3% in 1998 in France, indicating that other factors, in addition to prematurity, are contributing to the increase in the rate of low birth weight in developed nations 13 .
Brazil has experienced an insignificant increase in the rate of low birth weight from 7.9% in 1995 to 8 14 .
In Brazil, the rate of low birth weight is higher in more developed cities 15 . However, it would be expected that areas of higher socioeconomic level would show a lower incidence of low birth weight and this paradox is yet to be explained. While the explanation that this phenomenon is due to the under-registration of liveborns in less developed regions has been contested 16 , high rates of maternal smoking and multiple births and the use of assisted reproductive technologies in more developed regions have been associated with this paradox 17, 18 .
Another factor to consider when explaining the increase in the rate of low birth weight is the change in concept of fetal viability. Today, very low birth weight babies, who would have been recorded in the past as stillborn or as a spontaneous abortion, are being recorded as low birth weight liveborns 19 .
The objective of the present study was to analyze secular trends in rates of low birth weight, multiple births and stillbirths in capital cities in Brazil with low rates of under-registration of births to allow early identification of new trends. We also determined changes in rates of low birth weight excluding birth weights of less than 1,000 g and multiple births.
Methods
A cross-sectional study was carried out based on the analysis of secular trends, analyzing data from all state capital cities and by groups of regions.
Brazil consists of 27 states and the Federal District that are divided into five regions. In terms of socioeconomic development, the South and Southeast Regions are the most developed, the North and Northeast Regions are the least developed, while the Center-west Region is situated between these two poles. The regional rate of low birth weight was calculated by aggregating data from the capitals of each region.
The rates of low birth weight and multiple deliveries between 1996 and 2010 were calculated using data derived from the state-run Live Births Information System (SINASC, acronym in Portuguese) which had an estimated national coverage in 2005 of 92.1%. Coverage rates were lower in less developed regions (85.2% in the Northeast) and higher in the most developed regions (99.3% in the South) 14 . Newborns weighing less than 500g were excluded. The crude rate of low birth weight was calculated by dividing the total number of newborns with a birth weight of 500g to 2,499g by the total number of liveborns weighing more than 500g multiplied by 100. The rate of low birth weight was also calculated in two different ways: (1) by excluding multiple births and newborns weighing less than 1,000g and calculating multiple births rate by dividing the total number of multiple births by the total number of births and multiplying the result by 100. Data from the year 1996 was excluded from the analysis of the multiple births rate due to a high frequency of missing values regarding the variable number of fetuses in the municipality of São Paulo. To evaluate the percentage contribution of each low birth weight group to the overall low birth weight rate the latter was subdivided into five categories: less than 500g, 500 to 999g, 1,000 to 1,499g, 1,500 to 1,999g, and 2,000 to 2,499g; (2) the number of stillborns was obtained from the Mortality Information System (Sistema de Informação sobre Mortalidade, acronym SIM in Portuguese). The stillbirth rate was calculated by dividing the number of stillborns by the sum of liveborns plus stillborns and multiplying by 1,000.
The trends in low birth weight, multiple birth and stillbirth rates were evaluated using joinpoint regression models based on the software developed by the National Cancer Institute of the United States. This method is used for modeling temporal changes in rates of low birth weight using an algorithm that tests whether a multisegmented line is significantly better than a straight line or a line with fewer segments. Joinpoint regression analysis joins a series of straight lines on a logarithmic scale in order to detect the trend of the annual rate. Each joinpoint denotes a statistically significant change in the trend. Statistical significance was tested using the Monte Carlo permutation procedure, which chooses the best segment for each model 20 . The historical series studied covers a relatively short period of 15 years, leading to a higher probability of detecting a non-significant trend in the annual percent change. Therefore, a maximum of two joinpoints were permitted in order to increase the power to detect the statistical significance of variations in trends. The significance of the annual percent change in the rate of low birth weight was evaluated using a level of significance of 0.05.
Spearman's rank correlation coefficient was also calculated for rate of low birth weight and stillbirth rate for the Brazilian capitals for the period 1996 to 2010. Differences between proportions were assessed with the chi-squared test.
Results
The rate of low birth weight increased from 8.5% in 1996 to 9. The rate of multiple births increased from 1.84% in 1997 to 2.15% in 2010 in the Brazilian capitals (p < 0.001). Again, the rates of multiple births were higher in capitals of the more developed regions (South and Southeast) and lower The stillbirth rate decreased from 14.1 per thousand in 1996 to 9.3 per thousand in 2010 in all Brazilian capitals (p < 0.001), and was higher in capitals of less developed regions and lower in capitals of the more developed regions (Figure 3) .
The results of the joinpoint regression models show that the rate of low birth weight increased significantly in capitals of the Center-west region (0.87% per year) throughout the study period. (Table 1) .
From the beginning of the series to 2003 and 2004, even after the exclusion of multiple births, the rate of low birth weight continued to show a lower though still statistically significant increase in all Brazilian capitals except those of the Center-west Region, which showed a significant increase of 0.72% per year from 1996 to 2010. Starting in 2003/2004, the rate tended to stabilize in all capitals except those of the Center-west Region (Table 1) .
With the exclusion of newborns weighing less than 1,000g, the rate of low birth weight showed a lower though statistically significant increase from 1996/1997 to 2003/2004 in all Brazilian capitals (0.98% per year), in the capitals of the North Region (1.71% per year), Northeast Region (0.9% per year), South Region (1.64% per year) and Southeast Region (0.83% per year). In capitals of the Center-west Region, this tendency towards an increase (0.74% per year) continued throughout the series (Table 1) .
When multiple births and newborns weighing less than 1,000g were simultaneously excluded the increase in rate of low birth weight gradually lost intensity though maintaining statistical significance from the beginning of the series to 2003/2004 in all Brazilian capitals , except those in the North Region and Center-west Region, where a gradual loss of intensity of the increase was observed until the end of the series. A statistically significant reduction in rates was observed only in the capitals of the Southeast Region, with a value of -0.7% for the period 2003 to 2010 (Table 1) .
For the period 1996 to 2010, the multiple births rate increased significantly in the capitals of the North Region (1.34% per year) and South
Cad. Saúde Pública, Rio de Janeiro, 29(1):91-101, jan, 2013 Table 1 Secular trends in rate of low birth weight in Brazilian state capital cities grouped by region, Brazil in the period 1996 to 2010. Table 2) .
The tendency towards a reduction in the rate of stillbirths was significant for all Brazilian capitals (-2.63% per year) and for capitals of the North Region (-2.68% per year), Northeast Region (-1.17% per year), South Region (-3.83% per year) and Center-west Region (-2.13% per year). For the capitals of the Southeast Region there was a-4.56% per year fall in the rate for the period 1995 to 2005. After 2005, the stillbirth rate in this region stabilized and therefore the fall was no longer significant ( Table 2) .
The correlation between rate of low birth weight and stillbirth rate in all Brazilian capitals was negative (-0.72) and statistically significant (p = 0.003).
While there was a reduction in the total number of low birth weight newborns in all Brazilian capitals and in the capitals of the Southeast Region, Northeast Region and South Region, an increase was detected in the capitals of the North Region and Center-west Region. The percentage of extremely low birth weight liveborns (less than 1,000g) within the total number of low birth weight newborns increased in all Brazilian capitals (from 4.64% in 1996 to 6.75% in 2010) (p less than 0.001). An increase in the percentage of newborns weighing 1,000 to 1,499g and 1,500 to 1,999g was also observed, compared to newborns weighing 2,000 to 2,499 g (p < 0.001) ( Table 3) .
Discussion
During the first years of the series, the rate of low birth weight increased in all Brazilian capital cities and continued to rise throughout the whole study period in the capitals of the Center-west Region. The rate tended to stabilize in the most recent years in all Brazilian capitals, except in the Center-west Region. The increase in rates was less intense when multiple deliveries and newborns weighing less than 1,000g were excluded, but remained significant. Throughout the whole period, the rate of low birth weight was higher in the capitals of the more developed regions and lower in capitals of the less developed regions. The multiple birth rate increased significantly in all Brazilian capitals, with regional variations. There was a significant reduction in the stillbirth rate in all Brazilian capitals, which showed a negative correlation with the rate of low birth weight.
The increase in rate of low birth weight observed at the beginning of the series seems to be paradoxical in view of the improved conditions of maternal and child health and the increased access to health services that occurred during that period. In the city of Pelotas, Southern Brazil, mean birth weight reduced by 47g between 1982 and 2004, while the prevalence of IUGR remained stable, indicating that most occurrences of lower birth weights were due to shorter gestations. This deduction was confirmed by the observation of a marked increase in the preterm birth rate during the period. The authors believe that the increase in preterm birth rate may have been a consequence of two factors: increased maternal risk factors for preterm delivery or increased medical intervention to interrupt high-risk pregnancies 21 . This study shows that the increase in the rate of low birth weight diminished with the exclusion of newborns weighing less than 1,000g, indicating that at least part of the increase in the rate of low birth weight can be explained by the increase in preterm births, since all infants it this weight range were preterm. The increase in the rate of low birth weight may also be due to changes in concepts of fetal viability. Studies have shown that the reduction of stillbirths associated with an increase in obstetrical interventions contributes to the increase in the rate of low birth weight since very small babies (less than 1,000g) who used to be considered unviable have started to be recorded as liveborns instead of stillbirths. In the United States, 86% of newborns weighing 501-1,500g and 55% of those weighing 501-750g survive 22 . In Brazil, the neonatal mortality rate of very low birth weight newborns is 26 per thousand 23 . This advance in medicine, through changes in the concept of fetal viability tends to reduce the number of fetal deaths, with a consequent reduction of birth weight 10, 24, 25, 26 . The increased percentage of newborns weighing less than 2,000g among low birth weight babies observed in the present study suggests that this phenomenon is also occurring in Brazilian capitals. During the study period, the increase in the rate of low birth weight was concomitant with the reduction of the stillbirth rate, with a statistically significant negative correlation between these rates. This suggests that part of the increase in low birth weight rate at the beginning of the historical series may be attributed to a reduction in the stillbirth rate. It is possible that increased medical interventions initially provoke a paradoxical increase in low birth weight rate. It is possible however that this increase in the rate of low birth weight may be a reflection of a reduction in the stillbirth rate as opposed to a worsening of health status.. A statistically significant reduction in the rate of low birth weight was observed together with a stabilization of the fall in the stillbirth rate during the most recent period of the time series in capitals of the Southeast Region after the exclusion of birth weight of less than 1,000g and multiple births. It is possible that in this region, where there was considerable reduction in the stillbirths rate, that the increase in low birth weight is partially attributable to the reduction of stillbirths. This suggests that medical intervention in more recent years is succeeding in reducing stillbirths and low birth weight at the same time.
The percentage of very low birth weight liveborns (less than 1,500g) is increasing. Studies have shown that, concomitantly with this increase, these babies are surviving for a longer period of time due to improved prenatal and childbirth care, new technologies and improved knowledge in all aspects of perinatal medicine 27, 28, 29, 30 . Ethical questions have been raised in some cases regarding the limit of viability and the polemic issue of emotional disorder and distress that intervention may provoke in families who must take care of children with serious neurological and sensory sequelae 31 .
It is possible that the stabilization of rates of low birth weight that started in 2003/2004 were due to changes in concepts regarding fetal viability, since this trend was less pronounced when newborns with a birth weight of 500-1,000g were excluded. A study of secular trends in low birth weight conducted in the city of São Paulo showed little change in the rate of low birth weight in the period 1976 to 1998 32 . Another more recent study in the same city confirmed this tendency towards stabilization of the rate of low birth weight in 2002/2003, when the rate was 9.4% 33 . In Campinas, one of the more developed cities in the State of São Paulo, no changes in birth weight were observed in the period 1975 to 1996, with low birth weight remaining at around 9% 34 . In Rio de Janeiro, the rate of low birth weight, which was 9.5% in 1994, remained at 9.1% in 2000 35 .
There was a significant increase in multiple births across all Brazilian capitals. This may have partially contributed to the increase in the rate of low birth weight since the trend towards an increase in the rate was less pronounced when multiple births were excluded. A study conducted in Porto Alegre observed that the increase in the rate of multiple births contributed to the increase in the rate of low birth weight, explaining 23.9% of the increase in rate from 1994 to 2005 17 . There has been a significant global increase in multiple pregnancies, especially in developed countries, due to the diffusion of assisted reproductive technologies 36 . In the United States, in the period 1997 to 2000, the proportion of multiple births attributable to assisted reproductive technologies increased from 11.2% to 13.6% 37 . In Brazil, in the period 1984 to 2003, the total number of births increased by 9.5%, while the number of triplet births and other higher order births increased five-fold 38 . A possible explanation includes the increase in the use of assisted reproductive technologies and older maternal age 39 . Among twin births, 50% of newborns are born with low weight and in triplet pregnancies, 90% of newborns present IUGR 36 . Assisted reproductive technologies are related to a higher occurrence of preterm births, IUGR and multiple pregnancies, which are considered to be risk factors for low birth weight 40, 41 .
The results of the present study demonstrate the low birth weight paradox where more developed regions continue to present the highest rates of low birth weight. A partial explanation for these findings is based on a higher rate of very low birth weight and multiple births in capitals of the most developed regions.
Important strong points of this study include the representativeness of the sample, which included all Brazilian capital cities and the use of joinpoint regression, which allowed the identifi-cation of variations in the distribution of annual percentage change with high degree of sensitivity. We opted to analyze only the capital cities, where changes tend to occur first. The capitals are more urbanized and developed and therefore underregistration of deaths and births is low.
A limitation of this study was the exclusion of 1996 data on the municipality of São Paulo and of data on the Southeast Region and all Brazil in the analysis of multiple births. This exclusion was necessary in view of the large number of missing data regarding the variable number of fetuses in the municipality of São Paulo. The lack of information about assisted or natural reproduction was another limitation.
Even after the removal of multiple deliveries and newborns weighing less than 1,000g, the increase in the rate of low birth weight continued to be significant, indicating that other variables not included in this analysis, such as preterm birth or maternal age, may also have contributed to this increase. Individual level variables available in the SINASC were not used since the information on this database is a result of an ecological analysis. It was not possible to study trends in preterm birth rates because these rates calculated from the SINASC are underestimated in some Brazilian settings 42, 43 .
Conclusions
The rate of low birth weight increased in the capitals in all regions of Brazil in the first years of the series and throughout the study period in the capitals of some regions. In the capitals of all regions, except the Center-west, rates showed a tendency towards stabilization in recent years. Part of the increase in the rate of low birth weight may be explained by the increase in multiple births, the increase in the birth of infants weighing 500 to 999g and by the reduction in the stillbirth rate. 
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